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[00 0 1 ] Z&e — invention — rclatca — fee — aa — apparatus for — fefee — intcratitial 
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[00011 Apparatus For The Interstitial Coagulation Of Tissue 

CROSS-REFERENCE TO RELATED APPLICATIONS 
r0002] This application is a section 371 of International Application No. PCT/EP2005/002001, 
filed February 25. 2005. which was published in the German language on September 1 2005, under 
International Publication No. WO 2005/079688 Al and the disclosure of which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 
[00031 The invention relates to an apparatus for the interstitial coagulation of tissue. 

r00041 [ 00 02] In high-frequency surgery, in particular in the area of endoscopic 

applications, various devices are known by means of which the electrical energy can be sent from a 
high-frequency surgical appliance, i.e. a HF unit, to the particular tissue sites that are to be treated. 



7648265 vdoc 



100051 [0003] — Electrodes are known that apply the energy directly, by making contact with 
the tissue. These present the problem that in some circumstances the tissue becomes heated to such 
an extent that it is carbonized, i.e. is completely destroyed by burning. 

r00061 [0004] Another problem with such electrodes resides in the fact that the electrodes 

5 can adhere to the tissue. If this occurs, during removal of the electrode the tissue will be torn apart. 
To reduce the risk of adhesion, the electrodes are often coated with an appropriate substance. Such 
electrodes are known, e.g., from the document DE 199 41 105 C2. 

100071 [0005] The problems described above arise in particular where interstitial 

coagulation is involved, for instance the coagulation of a hepatic tumor, because in such cases the 

10 electrode is inserted into the tissue to be treated, e.g. by piercing it, and as a result is completely 
surrounded by tissue. The danger that the tissue will be burnt and/or will adhere to the electrode is 
present here to a particularly high degree. Should that occur, because of the large resistance at the 
contact between electrode and tissue an evenly distributed devitalisation may no longer be possible; 
that is, the tissue is not uniformly coagulated. 

1 5 100081 [0006] Another problematic aspect is that during the interstitial coagulation the tissue 

contracts (dries out), so that the electrode is no longer apposed to it. A gap that appears between the 
electrode and the tissue to be treated, as a result of the tumor desiccation, increases the contact 
resistance between electrode and tissue so that the extent to which electrical energy can be 
introduced is limited. This, too, results in nonuniform coagulation or can even prevent the 

20 occurrence of any coagulation effect. 

[0009] [0007] — From the document US 6 090 105 A, for example, an ablation apparatus is 
known that comprises an introducer electrode to be inserted into a tissue that is to be treated. In the 
interior of the introducer electrode are disposed additional electrodes, which can be pushed out of 
the introducer electrode once the insertion has been completed, and thus can positioned within the 

25 tissue. The electrodes are made of a memory alloy and are placed under tension at temperatures 
above a certain level. When outside the introducer electrode, these electrodes tend to expand to 
their original shape and hence penetrate into the surrounding tissue during a coagulation procedure. 
With the appliance just described, the problems discussed above are even more likely to occur. 
Furthermore, electrode arrangements of this kind make it particularly difficult to achieve a uniform 

30 coagulation volume, because the electrodes penetrate into the tissue in an uncoordinated manner, 
depending only on the intrinsic force that tends to expand them. 

BRIEF SUMMARY OF THE INVENTION 
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[00101 [00 0 8 ] The obj cctivc Embodiments of the present invention io to 

dGvclop provide an apparatus for the interstitial coagulation of tissue further in such a way 
that tissue can be treated with greater uniformity. 

[00111 [00 09] T his objective io achieved by According to the invention there is 

5 provided an apparatus for the interstitial coagulation of tissues according to Claim l. [ooio] 

In p articular - ; — the objective in achieved by an apparatu s for the 

intcratitial coagulation of tioauco that compriaeo at loaot one electrode 
through which a HF coagulation current can be conducted into the tioauc. 
g ke ele c tr o de eit her comprising a three-dimensional body that can be expanded to various 

10 states of expansion, and at least one electrode adapted to conduct an HF coagulation current into 
the tissue, the electrode forming at least a part of the three-dimensional body such that by one of 
continuous and stepwise expansion of the body the electrode can be kept in constant electrical 
contact with the tissue during coagulatio n. The electrode is itself constructed either as a the three- 
dimensional body that can be expanded to different degrees, or is attached to such a bod y, in 

15 auch a way that the electrode can be kept in constant electri c a l contact 
with the tiasuc during coagulation, by continuouo or otepwisc expansion 
e#-~ fe hc body . 

|0012| [0011] An oaacntial point of thc The invention rcoidoa in enables the 

fact that thc three-dimensional body, i.e. the electrode itself or an expandable body on which 

20 the electrode is disposed, eanto be inserted into the tissue to be treated while in a non-expanded 
state, and during coagulation eanto be expanded in a controlled manner according to the degree of 
coagulation, i.e. in dependence on defined conditions. Hence the body is constructed and can be 
actuated in such a way that during coagulation it follows, in a controlled manner, the treated tissue, 
which as a rule is moving away from the electrodes. This expansion of the body can occur 

25 automatically or be manually induced, and is carried out on the basis of detected parameters that 
represent a measure for the degree of coagulation. The controlled coagulation enables a uniform 
tissue devitalisation. As the electrode continually expands, furthermore, it exerts a pulling force that 
smooths out the treated tissue during the coagulation process, so that this aspect itself ensures a 
uniform coagulation. 

30 [00131 [00 12] — The apparatus for interstitial coagulation can, for example, be inserted into the 
tissue to be treated by means of an attachment suitable for piercing the tissue, or alternatively the 
device itself is constructed so that it can pierce the tissue. The device can be designed either for 
direct application or for endoscopic use. 
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r0014] [0013] In a first preferred embodiment, a control device is provided to control the 

amount of expansion of the body in dependence on the coagulation current. The control device is 
preferably incorporated into a HF-surgery appliance or, alternatively, provided as an external 
component. The control device is furthermore incorporated into the apparatus, i.e. in principle into 
5 the electrosurgical instrument, and is designed to detect the diverse parameters that reflect the 

degree of coagulation, in this case the coagulation current. Therefore it is possible, for example, to 
determine that the contact resistance has increased owing to the above-mentioned formation of a gap 
between electrode and tissue, by detecting the resulting decrease in strength of the coagulation 
current. The control device is also designed so that the body can then be controlled on the basis of 

10 the detected parameter, i.e. on the basis of the detected current strength, in such a way that the 
degree of expansion of the body changes in dependence on the detected parameter. Hence in this 
case the body is expanded until the gap has been closed, so that electrode and tissue can be kept in 
the electrical contact necessary for the subsequent coagulation procedure. Therefore an optimal 
coagulation result is ensured in every phase of coagulation. 

1 5 [0015] [0014] Alternatively, it is possible to construct the control device in such a way that 

information about the detected value, i.e. in this case the detected current intensity, is made available 
by way, e.g., of a visual display. An operator can then control the expansion of the body manually 
on the basis of this information. 

10016] [0015 ] The control device is preferably provided with a transducer that measures the 

20 coagulation current and transmits the measured values to the control device. Reliable assessment of 
the current can also be achieved, e.g., with a current monitor such as is known in the state of the art. 
[00171 [ooi6] — That a gap is beginning to form can, alternatively, be detected by a pressure 
measurement. For this purpose the control device, where appropriate incorporating the measured- 
value transducer, is designed so that, e.g., the pressure exerted by the target tissue against the 
25 electrode is measured, and when this pressure falls below a specified threshold, the body should be 
controlled so that it expands sufficiently to preserve a suitable distance between electrode and tissue. 
The measured-value transducer in this case is preferably an electronic pressure sensor. It is also 
possible to employ a Hall-effect sensor, which detects the change in a magnetic field as a function of 
the electrode excursion. 

30 f0018| [0 017] — -When the coagulation current is measured simultaneously with the pressure 
acting on the electrode, it is furthermore possible to obtain a prediction as to whether the tissue will 
be burnt to an undesired extent, or whether adhesion of the electrode will occur. That is, if a 



4 



suitable pressure is measured but the current is simultaneously decreasing, it should be concluded 
that the decrease in current intensity is not due to formation of a gap between electrode and tissue. 

10019) -fo Q i -8 -] In a second preferred embodiment the control device is designed and disposed 

in such a way that the coagulation current between electrode and tissue can be set to a particular 
5 current density. In each state of expansion of the three-dimensional body, it forms a specific 

electrode surface area. Given a constant current intensity, a current density decreases progressively 
as the body expands, because the electrode area becomes larger. Therefore the control device can be 
used to adjust the current density to the value required for an optimal coagulation result, and the 
current intensity can be subsequently adjusted, so that even when the electrode surface is increasing, 

10 an optimal coagulation result is ensured at every time during the coagulation process. This 
adjustment of the current intensity can be accomplished automatically or also manually. 
[0020] [ooio] — The measured current density and, when required, a subsequent regulation of 
the coagulation current provide a measure of the state of expansion of the body and hence also a 
measure of the degree of coagulation. When the current density falls below a prespecified threshold 

1 5 value, the coagulation of a defined target tissue region has been completed. For coagulation to be 
continued, the body would have to be expanded, and then the renewed coagulation would again be 
observable by a change in the current density. Then adjustment to an appropriate current intensity 
can be carried out manually. It is also possible, however, to design the control device in such a way 
that the current intensity is set automatically. 

20 [00211 [0020] The control device is preferably designed so that the current density can be 

adjusted independently, regardless of the state of expansion of the body. Hence different 
coagulation strengths are available for different kinds of tissue or stages of coagulation. For 
example, if unexpected bleeding occurs, an increase in the current density can produce stronger 
coagulation. 

25 [00221 [0021] One solution in accordance with the invention is to provide measurement 

devices with which to determine the state of expansion of the body. Thus conclusions can be drawn 
about the degree of coagulation at all times, if the expansion is being automatically controlled. For 
example, the state of expansion can be output by way of a visual display. When the body is being 
manually expanded, the operator can make subsequent adjustments in accordance with this display. 

30 As measurement devices here, the above-mentioned measured- value transducers can be employed. 

fOQ23] [0022] Preferably the electrode component of the apparatus comprises a treatment 

electrode that is at least to some extent permeable to liquids and can be brought into contact with a 
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section of the tissue, as well as a liquid-supply device through which an electrically conductive 
liquid can be delivered to the treatment electrode, and a current-supply device to deliver the HF 
coagulation current to the treatment electrode in such a way that the HF treatment current can be 
applied to the liquid passing through the treatment electrode. An instrument thus constructed 
5 therefore preferably comprises an expandable hollow body that while in a non-expanded state can be 
inserted into the tissue to be treated, and during the coagulation process can follow the shrinking, 
coagulated tissue as a result of its own expansion. At the same time, in addition to the fact that the 
tissue is thereby smoothed out, this design offers the advantage that adhesion of the electrode to the 
tissue is effectively prevented because the current is conducted by means of the liquid. The 
10 electrical conductivity of the liquid, i.e. solution (e.g. Ringer solution or pure table-salt solution), 
causes the HF current to reach the tissue site that is to be treated. The solution simultaneously cools 
the tissue during the treatment, so that it becomes hardly any warmer than the boiling point of the 
solution. 

[00241 [0023] In one preferred embodiment the treatment electrode comprises an elastically 

1 5 extensible or foldable surface element on the inside of which, i.e. the side opposite to the tissue, 
there is disposed an interior space within which internal pressure can be applied, so that the surface 
element can be expanded by increasing the internal pressure. The surface element makes possible a 
uniformly distributed contact between the electrode and the tissue to be treated, and facilitates 
maintenance of the electrical contact between electrode and tissue so as to achieve a uniform 
20 devitalisation. The desired expansion of the body, in this case the surface element, during 

coagulation is produced in the simplest manner, by increasing the pressure within the interior space. 

[00251 [002 4 ] Preferably the surface element has the shape of a ring or sphere. Then the 

treatment electrode can be constructed, e.g., in the form of a balloon catheter, i.e. a form already 
familiar to the operator. 

25 [00261 [0 025] — In one embodiment of the invention the interior space is filled with the 
electrically conductive liquid. In this arrangement, therefore, the electrically conductive liquid 
simultaneously serves as a medium with which to generate the internal pressure that 
stretches/inflates the surface element. In this case the treatment electrode is constructed so that its 
resistance to flow of the electrically conductive liquid is large enough that on one hand an internal 

30 pressure can be built up, while on the other hand the amount of liquid that emerges is sufficient to 
provide a reliable electrical contact. For this purpose the treatment electrode can incorporate a piece 
of film, felt or woven fabric that permits the required amount of liquid flow. In any case it is 
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advantageous for the treatment electrode to consist substantially of a thermally stable material, in 
particular a tetrafluoroethylene material. 

100271 [0 02 6] Preferably the electrically conductive fluid includes polyvinyl pyrrolidone 

(PVP), a surfactant or a similar substance to alter the viscosity of the electrically conductive fluid 
5 without any side effects that would be deleterious to the intended treatment. 

[00281 [0027] The employment of a fluid that diffuses through the expandable electrode 

does not exclude the possibility that the electrode surface itself can also be electrically conductive. 
One possible embodiment is an electrode made of an elastomer that has been made conductive, for 
instance, by the incorporation of metal particles. 

1 0 100291 [ 0 Q 2 8 ] — The internal pressure can be made independent of the pressure with which the 
liquid is pushed through the treatment electrode by an arrangement such that the interior space 
contains an expandable accessory body that is hydraulically separated from the electrically 
conductive liquid. As a result, it can be ensured that even during extreme expansion not too much 
electrically conductive liquid emerges. In particular, the surface element can be constructed in 

15 several layers, so that in an inner layer liquid flows in the surface direction with a reduced resistance 
to flow, while in an outer layer it can be conducted perpendicular to the surface direction. Such an 
arrangement can be relatively simply produced. To increase the uniformity of the liquid output, a 
separation layer with larger resistance to flow is positioned between the inner and the outer layer. 
[00301 [0029] In all cases the current is introduced into the electrically conductive liquid by 

20 means of a conductor with low electrical resistance, e.g. a wire, at a position as close as possible to 
the treatment electrode. 

[00311 [0030] — In order to avoid problems caused by the inevitable excess of electrically 
conductive liquid that emerges, in one preferred embodiment of the invention a suction device is 
provided to suck away excess liquid. 

25 [00321 ■■■ [ ■ 0031] — The electrosurgical instrument, i.e. the apparatus, can be constructed as a 
monopolar coagulation instrument, with only a single current-supply lead, while the tissue to be 
treated (i.e., the patient) is kept at the other potential. In another preferred embodiment of the 
invention a bipolar application can be employed, by using two electrodes that are in principle 
identical. That is, the treatment electrode is constructed with at least two sections that are 

30 electrically insulated from one another, thus forming a bipolar electrode, so that no neutral electrode 
needs to be attached to the patient. 
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[0033] [003 2] Preferably the electrode is constructed so that a cutting current can be applied 

to it. This reduces the risk that cancer cells will be released when the electrode is inserted into a 
tumor. 

Further embodiments of the invention will be apparent 
from the oubordin at c claims. 
[00363 

[00371 [0034] In the following the invention io explained w ith 

reference to exemplary cmb odimcnta, — which arc described in greater detail 

10 with r e feren ce to the drawings, wherein 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[00381 The foregoing summary, as well as the following detailed description of the invention, 
will be better understood when read in conjunction with the appended drawings. For the purpose of 
illustrating the invention, there are shown in the drawings embodiments which are presently 

15 preferred. It should be understood, however, that the invention is not limited to the precise 
arrangements and instrumentalities shown. 
r00391 In the drawings: 

[00401 [0035] — Fig. 1 is a functional block diagram showing a HF-surgery arrangement with 
an apparatus for interstial coagulation; 

20 [00411 [ 0036] Fig. 2 shows a first embodiment of the apparatus in a partially sectional, 

perspective representation; 

[00421 [0037] Fig. 3 shows a second embodiment of the apparatus in longitudinal section; 

[0043] [0038] Fig. 4 shows a third embodiment of the apparatus in longitudinal section and 

[0044] [0039] — Fig. 5 shows an enlarged sectional representation of the region V in Fig. 4. 

25 DETAILED DESCRIPTION OF THE INVENTION 

[00451 [00 4 0] — In the following description, the same reference numerals are used for 
identical parts or parts with identical actions. 

100461 [0041] The functional block diagram in Fig. 1 represents a HF-surgery arrangement 

with an apparatus for interstitial coagulation. Here the components of such a HF-surgery 
30 arrangement that are important for explaining the invention are shown schematically, including the 
apparatus 40 for interstitial coagulation. 

[0047] [0042] — In monopolar arrangements a HF current produced by a HF generator 2 is sent 
to an electrosurgical instrument 40 (in this case the apparatus for interstitial coagulation), which by 



way of an active electrode 10, i.e. a monopolar coagulation electrode, applies the current to a tissue 
that is to be treated; in this process the current passes through the body of a patient to the neutral 
electrode N and from there back to the HF generator 2. Bipolar arrangements do not need any 
neutral electrode, because the current path runs between two electrodes of an electrosurgical 
5 instrument. 

100481 [0043] A HF-surgery appliance 1 comprises an input connector 6 to which finger- 

and/or foot-operated switching devices (not shown) are connected. These switching devices enable 
the HF current to be activated and/or inactivated. The switching devices here are preferably 
embodied by a computer arrangement. On the output side the HF-surgery appliance 1 is provided 

1 0 with a first output connector 7 and a second output connector 8, by way of which the monopolar 
coagulation instrument 40 can be connected to the associated neutral electrode N. It is also possible 
for a bipolar electrosurgical instrument (not shown) to be connected to the HF-surgery appliance 1 . 
For practical purposes, a HF-surgery appliance is usually designed with different connectors, for 
mono- or bipolar electrodes. The neutral electrode N is shown schematically and in practice 

1 5 completely covers a section of the patient's body. 

[0049] 4 0 044 ] At the core of the HF-surgery appliance 1 is the controllable HF generator 2, 

to produce a HF voltage and conduct the HF current to the coagulation electrode 10 of the 
electrosurgical instrument 40. The HF generator 2 is connected to a control device 3 for controlling 
the electrode 10 of the electrosurgical instrument 40. A measured- value transducer 4 associated 

20 with the control device 3 is likewise shown here, and is provided to detect various parameters that 
serve as a measure of the degree of coagulation, e.g. a contact resistance between the electrode 10 
and the tissue. 

[0050] [0045] The electrosurgical instrument 40, i.e. the apparatus, is constructed with at 

least one electrode 10 through which the HF coagulation current can be conducted into the tissue. 

25 The electrode 10 is designed as a three-dimensional body that can be expanded to various expansion 
states, or is attached to such a body, so that by continuous or stepwise expansion of the body the 
electrode 10 can be kept in constant electrical contact with the tissue during the coagulation. 

[0051| [00 4 6] The expandable electrode body 1 0, or an expandable body 14 to which the 

electrode 10 is attached, is constructed and can be actuated in such a way that it is inserted into the 

30 tissue to be treated while in the non-expanded state, and during the (in particular interstitial) 

coagulation process it is expanded so that as the tissue shrinks away from the electrode, as is usually 
the case, the electrode follows it in a controlled manner. In this process the expansion of the body 
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can be brought about automatically or manually and may depend on detected parameters that 
represent a measure of the degree of coagulation. The controlled coagulation enables a uniform 
tissue devitalisation. 

[0052] - [ ■■ 9 0 4 7] The apparatus for interstitial coagulation with the expandable body 10, 14 

5 can, for example, be inserted into the tissue by means of an insertion device (not shown) suitable for 
piercing the tissue; alternatively, however, the apparatus 40 can itself be constructed so that it is able 
to pierce the tissue. The apparatus 40 can be designed for direct employment or for endoscopic 
application. 

[00531 [ 0048] Special embodiments of the electrosurgical instruments 40 and the associated 

1 0 electrodes are explained in greater detail with reference to Figs. 2 to 5. 

[0054] [0 0 4 0] During interstitial coagulation the tissue dries out and therefore contracts 

owing to the coagulation. Accordingly, the electrode 10 is no longer in contact with the tissue to be 
treated, and the formation of this gap causes a contact resistance between electrode 10 and tissue to 
increase. The result is that the intensity of the coagulation current decreases. 

1 5 100551 [0050] The control device 3 here is designed so that it detects this reduction in 

current intensity and then controls the electrosurgical instrument 40 in such a way that the body 10, 
14 expands so as to follow the tissue. In this case, therefore, the body 10, 14 is expanded until the 
gap has been closed, so that the electrical contact between electrode 10 and tissue can be maintained 
as is necessary for the coagulation process to continue. Hence in every phase of coagulation an 

20 optimal coagulation result is guaranteed. The detected current values can be output, e.g., by means 
of a display 5, so that an operator can visually monitor the decrease in current strength. With this 
information available, the expansion of the body 10, 14 can also be performed under manual control. 

10056] [0051] Alternatively, it is possible for the measured- value transducer 4 associated 

with the control device 3 to detect other parameters that indicate the degree of coagulation, for 

25 example the contact resistance itself. 

100571 [0052] — An onset of gap formation can alternatively be detected by means of a 
pressure measurement. For this purpose the control device 3 is designed so that, e.g., the pressure 
exerted by the target tissue against the electrode 10 is measured, and when this pressure falls below 
a prespecified threshold the body 10, 14 should be controlled so that it expands sufficiently to 

30 preserve a suitable distance between electrode 10 and tissue. In this case the measured- value 

transducer 4 is preferably constructed as an electronic pressure sensor. It is also possible to employ 
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a Hall-effect sensor, which detects the change in a magnetic field in dependence on the electrode 
excursion. 

100581 [ 0 05^ The control device 3 can also be disposed and designed in such a way that the 

coagulation current between electrode 10 and tissue can be adjusted to obtain a particular current 
5 density. The three-dimensional body 10, 14 in each state of expansion describes a specific electrode 
surface. If the current strength is kept constant, a current density decreases as the body 10, 14 
progressively expands, because the electrode surface is increasing. Therefore the control device can 
be used to set a current density that is required for an optimal coagulation result and to alter the 
current intensity accordingly, so that even when the electrode surface is becoming larger, an optimal 
1 0 coagulation result is guaranteed at each time during the coagulation process. 

f0059| [005 4 ] Here, again, the adjustment of current strength can be performed both 

automatically and manually. Because the current density ultimately reflects the state of expansion 
of the body 10, 14, the surgeon can, for example, induce expansion of the body 10, 14 for declining 
current density. 

1 5 [0060] -[-0055] In order to allow for differences in the kinds of tissue, stages of coagulation 

and/or unpredictable events such as severe bleeding, the control device 3 is designed so that the 
current intensity and/or current density can be adjusted independently of the state of expansion. For 
instance, if stronger coagulation is needed this can be achieved by increasing the current density, 
regardless of the expansion state. 

20 f0061| [0056] If measurement devices are provided to detect the state of expansion of the 

body 10, 14, this information can be made available, e.g., by way of the display 5, preferably a 
visual display. If expansion of the body 10, 14 is to be induced manually, the operator can make the 
appropriate adjustments by referring to the display 5. The measurement devices can be embodied 
by the measured-value transducer described above, or be provided as an independent instrument. 

25 [00621 Figures 2 to 5 show various kinds of apparatus 40 for interstitial coagulation. In the 
drawings these are designed for insertion into a working channel of an endoscope. The endoscope 
must then be constructed so as to permit piercing of the tissue to be treated. However, the 
instruments can also be designed so that they themselves are suitable for piercing. 
[0063] {0057] — As shown in Fig. 2, the apparatus comprises the treatment electrode 10, 

30 shown here in an expanded state, which as a whole is constructed substantially as a stretchable 
surface element 1 1 . By way of a flexible or rigid supply tube 20 an electrically conductive liquid 
(indicated by an arrow), e.g. Ringer solution or a solution of table salt, can be passed through the 
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supply tube 20 into an interior space 13 of the treatment electrode 10. The stretchable or unfoldable 
surface element 1 1 here is sufficiently porous that liquid entering the interior space 13 can pass from 
an inside 12 of the stretchable surface element 1 1 through the treatment electrode 10, to the outside. 

[00641 [0QS8] In the interior space 1 3 there is a supply electrode 30 in the form of a wire, 

5 which at a distal end of the treatment electrode 10 is mechanically connected to the treatment 

electrode 10 by way of an electrically insulating end piece 9. The supply electrode 30 is connected 
to the HF generator (not shown here). 

[00651 [0059] In order to perform an interstitial coagulation, for instance to insert the 

electrode into a tumor, the entire apparatus is pushed for example through the working channel of an 

1 0 endoscope that had previously been positioned at the site to be treated; while being thus installed, 
the surface element is still in a collapsed state rather than being inflated as shown in Fig. 2. An 
instrument tip can be configured in such a way that it can be moved forward like a thorn, forcing the 
tissue aside. That is advantageous when, on the way to the target tissue, other tissue structures must 
be passed while causing the least possible damage. For positioning in the target tissue it can be 

1 5 advantageous to apply a HF cutting current to the electrode. This can reduce the danger that cancer 
cells will be set free when the electrode is inserted into a tumor. Furthermore the electrode, because 
it is free from mechanical tension, can be precisely positioned. As soon as the electrode is in 
position, electrically conductive liquid (e.g., Ringer solution) is passed through the supply tube 20 in 
the direction indicated by the arrow in Fig. 2, in which process the pressure is adjusted so that the 

20 treatment electrode 10, i.e. its stretchable surface element 11, can be expanded. Now in order to 
coagulate the tumor from its interior outward, the HF generator 2 is actuated so that a coagulation 
current flows through the liquid into the tissue to be treated and devitalizes that tissue. Because 
electrically conductive liquid is continuously being supplied and emerging through the stretchable 
surface element 1 1, it is ensured that a film (or cushion) of liquid will constantly be present between 

25 the stretchable surface element 1 1 and the tissue to be treated; on one hand this liquid serves to 

conduct the HF current while on the other hand it cools the surface of the tissue and protects it from 
adhering to the treatment electrode 10. The surface element 1 1 is progressively expanded during the 
course of the coagulation and thus — as described above — follows the retreating tissue. 
[00661 -[-e- 9 - 6 -0 ] — In the embodiment of the invention described above, the HF current is 

30 supplied in a monopolar arrangement. Therefore a neutral electrode N is applied to the patient to 
serve as the opposite pole. The embodiment of the invention shown in Fig. 3 differs from that in 
Fig. 2 in that the instrument as a whole has a bipolar construction. For this purpose there are 
provided two treatment electrodes 10, 10' with corresponding stretchable surface elements 11, 1 1', in 



an arrangement analogous to that in Fig. 2 (coaxial). In accordance with the presence of two 
treatment electrodes 10, 10' and stretchable surface elements 11,11', there are two supply tubes 20, 
20' and two supply electrodes 30, 3 1 , so that the interior spaces 13,13' can be placed under pressure 
independently of one another, and the stretchable surface elements 11,11' can be expanded to 
5 different degrees. 

[00671 [0061] The embodiment shown in Fig. 4 differs from those previously described in 

that the interior space 13 of the treatment electrode 10 is enclosed by an elastic, stretchable auxiliary 
body 14, which is completely water-tight. The stretchable surface element 1 1 consists — as shown 
in Fig. 5 — of several layers, including an inner layer 15 through which, having been supplied by 

10 way of a conduit 20', the electrically conductive fluid moves in the direction of the surface, and 
which in this direction has a relatively low resistance to flow. On its outer side the treatment 
electrode 10 bears an outer layer 16 which conducts the liquid primarily in a direction perpendicular 
to the surface. Between the inner layer 15 and the outer layer 16 is a partition layer 17, which 
presents a greater resistance to flow than does the inner layer 15 but nevertheless allows liquid to 

15 pass from the inner layer 1 5 into the outer layer 16. In the embodiment of the invention shown here 
this partition layer 17 is simultaneously an electrically conductive layer that is in electrical contact 
with the supply electrode 30. In this arrangement, therefore, the treatment electrode 10 and hence 
the stretchable surface element 1 1 can be expanded by the auxiliary body 14, and in this case not 
only liquid but also gas can be used to produce the expansion. Regardless of the state of expansion, 

20 then, the electrically conductive liquid can be supplied and uniformly distributed over the inner layer 
15. The amount of liquid that emerges is then determined exclusively by the pressure with which 
the electrically conductive liquid is supplied, and hence is independent of the state of expansion of 
the treatment electrode 10. 

[00681 [0062] In this embodiment there is additionally provided a suction tube 22 with a 

25 suction opening 23 in the vicinity of the treatment electrode 1 0. By way of this suction tube 22 the 
excess electrically conducting liquid can be sucked away. 

[00691 From the above it will be evident that the described characteristics can also be combined 
in the various embodiments. For example, a suction tube can be provided in all embodiments of the 
invention. Similarly, it is also possible to employ an auxiliary body 14 in the case of the 
30 embodiment shown in Fig. 2. 

[0070] 

[0071] [0063] A t - this juncture it ohould be pointed out that all of the 

parto described above arc claimed ao coacntial to the invention, 
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indi vidually e r in any comb ination - , — in parti cul a r t he d e tail a sh own in 
the drawings. Modif ications thereof arc familiar to a person akillod i 
th e art r 

5 [0 0 64 ] Liat of reference numeral □ 



1 HF - ourgcry appliance 

3 HF generator 

3 Control device 

10 4 Measured value trans ducer, — measurement devices 

-5 Display 

€ Input connector 

■7 First output connect o r 

•8 Second output connec to r 

15 -9 End piece 

19 -E lectr o d e , — treatment elec t r od e 

H Strctchable surface clement 

12 Inside 

13 Interior apace 

20 14 Auxiliary body 

15 Inner layer 

16 - — Outer layer 

17 Partition layer 

3-9 Supply tube 

25 33 Suction tube 

33 Suction opening 

3-9 S upply electrode 

31 Supply electrode 

•4-9 Apparatus , — clectroourgical instrument 

30 & Neutral electrod e 

[0072] It will be appreciated by those skilled in the art that changes could be made to the 
embodiments described above without departing from the broad inventive concept thereof. It is 
understood, therefore, that this invention is not limited to the particular embodiments disclosed, but 
it is intended to cover modifications within the spirit and scope of the present invention as defined 

35 by the appended claims. 
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CLAIMS 

I claim: 

1 . Apparatuo An apparatus for the interstitial coagulation of tissues, with at lcaot 
one electrode — (10) by way of which a HF coagulation current can be 

5 conducted into the tioouo, wherein the electrode — (-4#} — is constructed 

a ecomprising a three-dimensional body that can be expanded to various states of expansion, or is 
attached to such a body (1 4 ), ao that by continuous o r and at least one electrode 
adapted to conduct an HF coagulation current into said tissue, the electrode forming at least a part of 
said three-dimensional body such that by one of continuous and stepwise expansion of [[the]] said 
1 0 body (10, 14) th esaid electrode (10) can be kept in constant electrical contact with the tissue 
during coagulation. 

2. Apparatus The apparatus according to Claim 1 , ch a rac t erized in 
that wherein a control device[[43-)-]] is provided for controlling the [[ at ate ]] degree of expansion 
of the body (10, 1 4 ) — in dependencc dependent on [[the]]said coagulation current. 

15 3. Apparatus The apparatus accordin g to one of the preceding claims, in 

particular according to Claim 2, characterized in that tho wherein said control 
device 43-) — i s disposed and con s tructed se as is adapted t o enable an adjustment of a 
current density of [[the]] said coagulation current between said electrode [[ (10) ]] and said tissue. 

4. Apparatus according to one of the preceding claims, — ±h 

20 particular The apparatus according to Claim 3, characterized in that tho wherein said 
control device (3 ) is d e signed so that permits the current density [[eas]] to be adjusted 
independently of the [[state]] degree of expansion. 

5. Apparatus The apparatus according to one of the preceding claims, 
characterized in that Claim 1 , wherein measurement devices [[ (4) ]] are provided for 

25 detecting the state of expansion of the said three-dimensional bod y (1 0, 14). 

6. Apparatus The apparatus according to one of the preceding claims, 
characterized in that thc Claim 1 , wherein said electrode comprises a treatment 

el ectrode[ [44-04-]] that is at least partially permeable to liquid and that can be brought into contact 
with a section of [[the]] said tissue, as well as a and comprising a liquid- supply device ( 2 0) 
30 for liquid through which an electrically conductive liquid can be delivered to [[the]]said 
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treatment electrode [[ (10) ]], and a current supply device (30, 31) adapted to deliver [[fehe]]said 
HF coagulation current to [[fche]]said treatment electrode [[ (10) ]] in such a way that [[fefee]]said 
HF treatment current can bc is conducted to the liquid that is passing through the treatment 
electrode[[(iO) . ]]. 

5 7. Apparatus according to one of the preceding claims, — in 

par ticular The apparatus according to Claim 6, characterized in that the wherein said 
treatment electrode [[ do) ]] comprises one of an elastically stretchable [[e*]] and an unfoldable 
surface element (11) on the inaidc (12) of which, i.e. the side opposite the 
tissue, there is disposed that defines an interior space [[ (13) ]] to which an internal 
1 0 pressure can be applied so that th e to expand said surface element (n) can be expanded 
by increasing the internal pressure. 

8. Apparatus ac cording to one of the preceding c la im a; — in 
particular The apparatus according to Claim 7, characterized in that the wherein said 
surface element ( 1 1 ) is ahaped 1 ik c is in the form of one of a ring [[««?]] and a sphere. 

15 9. Apparatus according to one of the preceding claims, — in 

particular aeeording to one of the claim3 6 ■ — 8, characterized in that 
fefee The apparatus according to Claim 6, wherein said treatment electrode (io, io 1 ) is 
constructed in the [[ ohapo ]] form of a balloon catheter. 

10. Apparatus according to one of the preceding claims, — in 

20 particular according to one of the claimo 7 9, characterized in that 

fehe The apparatus according to Claims 7, wherein said interior space 4i3-) — ea nis adapted to be 
filled with [[the]] said electrically conductive liquid. 

11. Apparatus according to one of the preceding claims, — in 
particular according to one of the claims 6 10-, — c haracterized in that 

25 fehe The apparatus according to Claim 6, wherein said electrically conductive liquid comprises one 
of polyvinyl pyrrolidone (PVP), a surfactant [[er]] and a similar means of changing the viscosity of 
[[the]] said electrically conductive liquid. 

12. Apparatus according to one of the preceding- e l a ima, — in 
particular according t o o ne of the claims 6 H-7- 

30 characterized in that the treatment electrode — — 3r©-M — comprises a film, 
a felt or a woven fabric and prcf crably The apparatus according to Claim 6, wherein 
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said treatment electrode is made of a thermally stable material , in particular a 
tctraf luoroGthylGnc material . in the form of one of a film, a felt and a woven fabric. 



13. A p parat u s according t o one of the prece d ing claims, — ia 
particular accordi n g to one of the claimo 7 12-; — characterised in ■ that 

5 the interior apace (13) compriscs The apparatus according to Claim 7, wherein said 
interior space is enclosed by an expandable auxiliary body [[ (1 4 ) ]] that is hydraulically separated 
from [[the]] said electrically conductive liquid, [[the]] and said surface element (11) 
preferably being is constructed in several layers sesuch that in an inner layer [[ (15) ]] liquid 
can be conducted in the aurfa cea direction [[ while ]] towards an outer surface of the element 
1 0 and in an outer layer [[ (16) ]]liquid can be conducted in a direction perpendicular to the surface 
direction-; — and preferably be t we en t h e i nner layer (15) — and the outer layer 
(16) — a- partit ion la y er (17 ) with - a greater rea -iat- a ae e to flow is 

14. Apparatus The apparatus according to one of the preceding claimn, 
1 5 characterized b y Claim 6, wherein a suction device (22, 23 ) is provided to suck away 

(excess) liquid. 

15. Apparatus The apparatus according to one of the preceding claimo, 
characterized in that thc Claim 1 , wherein said electrode (10) is constructed so 
fehafe is adapted to be supplied with a cutting current can be applied to it . 

20 16. The apparatus as claimed in Claim 12, wherein said thermally stable material is 

comprised of tetrafluoroethylene. 

17. The apparatus as claimed in Claim 13, wherein a partition layer with a greater 
resistance to liquid flow than said inner layer is disposed between said inner layer and said outer 
layer. 
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ABSTRACT OF THE DISCLOSURE 
The inve n t i o n- f olates to anAn apparatus for the interstitial coagulation of 
tissues , with includes at least one electrode by way of which aan HF coagulation current can be 
conducted into the tissue . The apparatua is further constructed in ouch a way 
that the tiaauc treatment io more unif ormly diBtributed . of a patient. The 
electrode is constructed as a three-dimensional body that can be expanded to various states of 
expansion, or is attached to such a body, so that by continuous or stepwise expansion of the body the 
electrode can be kept in constant electrical contact with the tissue during coagulation. In this way 
the apparatus enables the tissue treatment to be more u nifo r mly distributed . 



18 



